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(57)Abstract: 

PROBLEM TO BE SOLVED: To improve electromotive voltage f 
per cell of a fuel cell. 

SOLUTION: This solid high molecular fuel cell is provided with a 
mechanism for supplying humidifying water to an anode and a 
cathode with a fuel gas and an oxidation gas. The pH of both 
poles are controlled by properly mixing an alkali compound with 
respect to the anode and an acid compound with respect to the 
cathode into humidifying water. As the electromotive voltage of 
a cell is changed corresponding to the deviation of pH of both 
poles, the electromotive voltage of each cell can be improved 
by controlling the pH of the anode higher than that of the 
cathode. 
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* NOTICES * 

iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The fuel cell equipped with a hydrogen pole and an oxygen pole on both sides of the electrolyte 
membrane of the solid-state macromolecule which penetrates a hydrogen ion, It is a fuel cell system 
equipped with the feed zone which supplies the charge of a feed material demanded at the time of a 
generation of electrical energy of this fuel cell to said hydrogen pole and an oxygen pole, respectively. Said 
feed zone A fuel cell system equipped with pH control means which carries out pH of said hydrogen pole to 
beyond pH of said oxygen pole by controlling pH ambient atmosphere about either [ at least ] said hydrogen 
pole or an oxygen pole. 

[Claim 2] Said pH control means is a fuel cell system according to claim 1 which is the means which carries 
out pH of said hydrogen pole to beyond pH of said oxygen pole by controlling a part of [ at least ] pH of 
said charge of a feed material. 

[Claim 3] Said pH control means is a fuel cell system according to claim 1 which pH of said hydrogen pole 
is the range which does not go into an alkali field, and is a means to perform said control. 
[Claim 4] Said pH control means is a fuel cell system according to claim 1 which is the range where pH of 
said oxygen pole becomes more than an EQC, and is a means to perform said control to the lower limit of 
pH which becomes settled based on the corrosion resistance over the acid of the part through which said 
charge of a feed material passes within this fuel cell system. 

[Claim 5] It is the fuel cell system which is a means to perform said control by mixing the compound with 
which it is a fuel cell system according to claim 1 , said feed zone is a unit which supplies the humidification 
water which humidifies said electrolyte membrane as one of said the charges of a feed material, and said pH 
control means equips this humidification water with pH adjustment operation. 

[Claim 6] It is the fuel cell system which is a fuel cell system according to claim 1 , and is a means to have a 
pH detection means to detect further pH of the excretions discharged from said hydrogen pole and said 
oxygen pole, and to perform said control based on pH by which said pH control means was this detected. 
[Claim 7] The fuel cell equipped with a hydrogen pole and an oxygen pole on both sides of the electrolyte 
membrane of the solid-state macromolecule which penetrates a hydrogen ion, It is the operating method of a 
fuel cell system equipped with the feed zone which supplies the charge of a feed material demanded at the 
time of a generation of electrical energy of this fuel cell to said hydrogen pole and an oxygen pole, 
respectively, (a) Process which controls pH ambient atmosphere about either [ at least ] said hydrogen pole 
or an oxygen pole to become beyond pH of said oxygen pole about pH of said hydrogen pole (b) Operating 
method of a fuel cell system equipped with the process which makes it generate electricity by supplying this 
charge of a feed material to said fiiel cell. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[OOOi] 

[Field of the Invention] This invention relates to the fuel cell system using the fuel cell equipped with a 
hydrogen pole and an oxygen pole on both sides of the electrolyte membrane of the solid-state 
macromolecule which penetrates a hydrogen ion. 
[0002] 

[Description of the Prior Art] The fuel cell equipped with a hydrogen pole and an oxygen pole on both sides 
of the electrolyte layer which penetrates a hydrogen ion is proposed. In a fuel cell, the reaction according to 
the following reaction formula (1) and (2) arises in cathode (hydrogen pole) and an anode plate (oxygen 
pole), respectively. The hydrogen ion produced on the hydrogen pole is in the hydration condition 
(henceforth hydra NIUMU ion) of H+ (xH20), and the reaction following by moving an electrolyte layer to 
an oxygen pole side advances. Cathode (hydrogen pole) 
H2->2H+ + 2e-... (1) 
Anode plate (oxygen pole) 
(1/2) 02+2H++2e- -> H20 ... (2) 

[0003] in recent years, power density can be miniaturized highly — etc. — the polymer electrolyte fuel cell 
which applied the poly membrane of hydrogen ion conductivity as an electrolyte layer attracts attention for 
the reason. A solid-state poly membrane shows electric conductivity according to a damp or wet condition. 
With the polymer electrolyte fuel cell, moisture is supplied to the solid-state poly membrane by generally 
humidifying hydrogen gas. 
[0004] 

[Problem(s) to be Solved by the Invention] In the fuel cell, it is said that the theoretical potential difference 
by the side of a hydrogen pole and an oxygen pole, i.e., theoretical electromotive force, is about 1.23 V. On 
the other hand, actually, it originated in various loss and the electrical potential difference outputted was 
about abbreviation 0.95-1 V. This electromotive force is a value in case the current to extract is OA. 
Generally, since electromotive force showed the inclination of monotone reduction when a fuel cell passed a 
current, the electromotive force with which real employment can be presented was still lower. 
[0005] To use a fuel cell as a power source of various equipments, it is necessary to output the electrical 
potential difference demanded according to equipment. Conventionally the electromotive voltage per eel 
was low, and the number of eels connected since a demand electrical potential difference is outputted was 
increasing. Consequently, enlargement of the whole power unit and increase of a manufacturing cost were 
caused. Moreover, since it was synonymous with the operation effectiveness of a fuel cell being low, in 
order to extract predetermined power, many fuels were required for electromotive force being low. 
[0006] This invention is made in order to solve this technical problem, and it aims at offering the technique 
for being stabilized and enabling the output of high electromotive force in the fuel cell system using the fuel 
cell of a solid-state macromolecule mold. 
[0007] 

[The means for solving a technical problem, and its operation and effectiveness] In order to solve a part of 
above-mentioned technical problem [ at least ], this invention adopted the next configuration. Namely, the 
fuel cell equipped with a hydrogen pole and an oxygen pole on both sides of the electrolyte membrane of the 
solid-state macromolecule with which this invention penetrates a hydrogen ion, In a fuel cell system 
equipped with the feed zone which supplies the charge of a feed material demanded at the time of a 
generation of electrical energy of this ftiel cell to said hydrogen pole and an oxygen pole, respectively said 
feed zone By controlling pH ambient atmosphere about either [ at least ] said hydrogen pole or an oxygen 
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pole, it shall have pH control means which carries out pH of said hydrogen pole to beyond pH of said 
oxygen pole. pH ambient atmosphere is controllable by various approaches, and said pH control means can 
make a metaphor a means to control a part of [ at least ] pH of said charge of a feed material. Here, with the 
charge of a feed material, the humidification water for humidifying the fuel gas which is needed for a 
generation of electrical energy, oxidation gas, and a solid-state poly membrane etc. is mentioned. pH control 
is good also as what is performed about the both sides of a hydrogen pole and an oxygen pole, and good also 
as what is performed about either. 

[0,008] pH is a value defined by aH, then f, pH=-ln(aH)" in hydrogen ion concentration. The above- 
mentioned pH control means is synonymous with a means to control the hydrogen ion concentration of a 
hydrogen pole lower than the hydrogen ion concentration of an oxygen pole. According to the fuel cell 
system which has the above-mentioned configuration, it can originate in the deflection of pH in a hydrogen 
pole and an oxygen pole, and the electromotive voltage per unit cell can be improved as shown below. 
Consequently, if a power unit is constituted using the fuel cell system of this invention, the number of eels 
which is needed since the electrical potential difference demanded is outputted can be reduced, and 
miniaturization of a power unit, reduction of a manufacturing cost, etc. can be aimed at. 
[0009] The relation between the deflection of pH and an electromotive voltage is explained. The 
electromotive voltage produced in each eel of a fuel cell is the potential difference of a hydrogen pole and 
an oxygen pole. On two poles, the reaction shown by the reaction formula (1) shown previously, 
respectively and (2) has arisen, and the reaction in each pole is in equilibrium during a generation of 
electrical energy. It is known that the potential of each pole in the case of generally being in equilibrium is 
expressed with the relational expression called Nernst's equation. According to Nernst's equation, the 
reversible electrode potential EH of a hydrogen pole and the reversible electrode potential EO of an oxygen 
pole are expressed with a degree type (3) and (4), respectively. 
[0010] 

EH = EH0 + (RT/F) xpH ... (3) EO = EoO - (RT/F) xpH ... (4) R: Gas constant; 
T; absolute temperature (Kelvin temperature); 
F: Faraday constant; 

EH0: Hydrogen-electrode potential in pH=0 (0V); 
EoO: Oxygen electrode potential in pH=0 (1 .23 V); 

[001 1] Drawing 1 is a graph which shows the theoretical value of the reversible electrode potential of a pH 
value, a hydrogen pole, and an oxygen pole. The above-mentioned Nernst's equation (3) and (4) are 
illustrated, a continuous line shows the reversible electrode potential of an oxygen pole, and a broken line 
shows the reversible electrode potential of a hydrogen pole. The potential of each pole falls as are 
illustrated, and a pH value increases. However, the potential difference of each pole in each pH value is 
fixed 1.23 V a passage clear from an upper type (3) and (4). For example, when a pH value operates a fuel 
cell in the state of pHl in drawing, the potential of an oxygen pole serves as a value expressed with a point 
Vol, and the potential of a hydrogen pole serves as a value expressed with a point Vhl . At this time, the 
electromotive voltage of a fuel cell is equivalent to the potential difference VI of an oxygen pole and a 
hydrogen pole, i.e., the electrical potential difference in drawing, and is theoretically set to 1.23 V. 
Conventionally, pH of a hydrogen pole and an oxygen pole was not controlled by the fuel cell at all, but has 
been operated in the condition that pH of two poles is almost equal, with it. As long as it operates in the 
condition that pH of two poles is almost equal, it is not concerned with by what kind of pH it operates, but 
the theoretical value of an electromotive voltage is 1 .23 V. 

[0012] On the other hand, it is controlled by the fuel cell system of this invention so that pH of a hydrogen 
pole becomes higher than pH of an oxygen pole. Thus, an example in the condition that deflection is in pH 
of two poles was shown in drawing 1 . For example, when the pH value of an oxygen pole is pHo, the pH 
value of a hydrogen pole is controlled by the value pHh higher than pHo. Consequently, the potential of an 
oxygen pole serves as a value expressed the point Vo2 in drawing, and if the potential of a hydrogen pole is 
expressed the point Vh2 in drawing, it will become. The electromotive voltage of a eel serves as the value 
V2 in the difference among both, i.e., drawing. This electrical potential difference is larger than theoretical- 
value 1 .23V a passage clear from drawing and an upper type (3), and (4). Thus, an electromotive voltage 
higher than a theoretical value can be obtained by controlling so that pH of a hydrogen pole becomes higher 
than pH of an oxygen pole. Although the theoretical value mentioned above is an electromotive voltage in 
the condition of not passing the current, the electrical potential difference at the time of energization can 
also be raised by improving this electrical potential difference. Although the Nernst's equation itself is well- 
known relational expression, as a result of re-evaluating this relational expression from a viewpoint of 
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improvement in an electromotive voltage in a fuel cell, the 1st technical meaning of this application is in the 
point which found out that the deflection of the pH value of an electrolyte layer led to improvement in an 
electromotive voltage on a hydrogen pole and the oxygen pole. Moreover, in the configuration which 
controls pH ambient atmosphere, the 2nd technical meaning is in the point that control of pH of a hydrogen 
pole and an oxygen pole found out that it could realize comparatively easily by controlling a part of [ at 
least ] pH of the charge of a feed material supplied to two poles by the approach of starting, by controlling a 
part of [ at least ] pH of the charge of a feed material. 

[001 3] In this invention, the difference between the pH value by the side of a hydrogen pole and the pH 
value by the side of an oxygen pole can be set up according to a target electromotive voltage a passage clear 
from drawing 1 and an upper type (3), and (4). It is the theoretical value which was shown in drawing 1 etc. 
to the last, and it also takes into consideration the voltage drop which originates in various loss in fact, and 
sets up the difference in the pH value of two poles. 

[0014] Here, as for said pH control means, it is desirable that it shall be a means for pH of said hydrogen 
pole to be the range which does not go into an alkali field, and to perform said control from the following 
reasons. Since pH of a hydrogen pole is larger than pH of an oxygen pole, this has the upper limit of pH 
synonymous with performing said control in the range which does not go into an alkali field. In an alkali 
field, the hydroxide ion (OH-) comes to exist superfluously. Consequently, the reaction of a hydrogen ion 
(H+) and the hydroxide ion (OH-) will arise on the hydrogen pole, and the amount of the hydrogen ion 
contributed to a generation of electrical energy will decrease. Here, an alkali field means pH field where the 
hydroxide ion (OH-) exists in an excess, so that it checks a generation of electrical energy. Therefore, it is 
good in the range which this evil does not produce also as what controls pH of a hydrogen pole to the field 
by the side of alkali rather than neutrality (pH=7). Of course, it cannot be overemphasized that it is more 
desirable that pH controls in the seven or less range. 

[0015] Moreover, as for said pH control means, it is desirable that it shall be the range where pH of said 
oxygen pole becomes more than an EQC to the lower limit of pH which becomes settled based on the 
corrosion resistance over the acid of the part through which said charge of a feed material passes within this 
fuel cell system, and shall be a means to perform said control. With the part through which the charge of a 
feed material passes, not only a supply side but a discharge side is included. Fuel gas, oxidation gas, the 
separator that is the member which humidification water passes, the passage which discharges the 
generation water generated in the eel correspond. The lower limit of pH can be set up in consideration of the 
quality of the material of these parts, or the life of a fuel cell system. For example, when these parts are 
constituted from so-called stainless steel ingredient, it is desirable to make the lower limit of pH about into 
two. 

[0016] In this invention, pH control means shall take various configurations, and when said feed zone is a 
unit which supplies the humidification water which humidifies said electrolyte membrane as one of said the 
charges of a feed material, said pH control means shall be a means to perform said control, by mixing the 
compound which equips this humidification water with pH adjustment operation. Humidification water is 
good also as what mixes in fuel gas and oxidation gas, and is supplied, and good also as what is supplied 
apart from these gas. About a hydrogen pole, as for a compound equipped with pH adjustment operation, the 
alkaline compound which does so the operation to which pH is raised, for example, a sodium hydroxide, a 
potassium hydroxide, etc. correspond. About an oxygen pole, the acid compound which does so the 
operation which reduces pH corresponds. When using the solid-state poly membrane which contains a 
sulfonic group as an ion exchange group for securing proton conductivity especially, it is desirable to mix a 
sulfuric acid in an oxygen pole side. 

[0017] Supply of humidification water is not cared about as what is performed about an oxygen pole or a 
hydrogen pole. On the oxygen pole, since water is generated by the reaction at the time of a generation of 
electrical energy, usually humidification water is supplied to a hydrogen pole. Therefore, pH control means 
can constitute the humidification water which mixed the alkaline compound from a mode supplied only to a 
hydrogen pole side. If it carries out like this, there is an advantage which can constitute the fiiel cell system 
of this application from little alteration from the fuel cell system of the conventional solid-state 
macromolecule membrane type. 

[0018] Although pH control means is good also as what controls pH by the so-called open loop control, it is 
more desirable to carry out feedback control. For example, the configuration which is equipped with a pH 
detection means to detect pH of the excretions discharged, and controls based on this detected pH from said 
hydrogen pole and said oxygen pole can be taken. Since pH of a hydrogen pole and an oxygen pole changes 
according to the amount of the fiiel gas supplied, oxidation gas, and humidification water, the amount of the 
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generation water generated by generation of electrical energy, etc., it becomes possible [ controlling pH with 
a sufficient precision by carrying out feedback control ]. 

[0019] In addition, during a generation of electrical energy, since water is generated, pH of excretions and 
pH of a hydrogen pole and an oxygen pole are not necessarily in agreement [ a hydrogen ion is consumed on 
the hydrogen pole, and ] on the oxygen pole. The effect by this difference is avoidable by the following 
approach. The 1 st is beforehand asked for the correspondence relation between pH of excretions, and pH of 
a hydrogen pole and an oxygen pole in an experiment etc., the storage means which memorized the result is 
prepared, and pH control means is the approach of taking the configuration which adjusts pH of the charge 
of a feed material with reference to this storage means. It is the approach of setting up pH desired value of 
the hydrogen pole for obtaining an electromotive voltage required for the 2nd, and each oxygen pole based 
on pH of excretions. In addition, you may control, assuming that pH of excretions and pH of a hydrogen 
pole and an oxygen pole are in agreement. 

[0020] This invention is constituted as a fuel cell system explained above, and also it can consist of various 
modes. For example, you may constitute from modes which control pH of a hydrogen pole and an oxygen 
pole and operate a fuel cell system, such as an operating method and the control approach of pH. 
[0021] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained in order of the 
following based on an example. 

A. fuel cell system whole configuration: — configuration [ of B. fuel cell ]: — C.pH control processing: — D. 
modification: [0022] A. The whole fuel cell system configuration : drawing 2 is the explanatory view 
showing the whole fiiel cell system configuration as an example. A fuel cell system consists of a fuel cell 1 0 
and a feed zone 200 which supplies fuel gas, oxidation gas, and humidification water there greatly. A fuel 
cell 1 0 is a polymer electrolyte fuel cell which used the macromolecule which has hydrogen conductivity as 
an electrolyte membrane, a feed zone 200 — the hydrogen pole (it is hereafter called an anode) of a fuel cell 
— hydrogen — rich fuel gas is supplied with humidification water, and oxidation gas is supplied to an oxygen 
pole (it is hereafter called a cathode) with humidification water. In this example, air is used as oxidation gas. 

[0023] The configuration which supplies fuel gas and humidification water to an anode side among the 
configurations of a feed zone 200 is explained. Humidification water is stored in the humidification water 
tank 209. The feed zone 200 is storing pH adjustment liquid for adjusting pH of humidification water in the 
adjustment liquid tank 208. Since it is adjusted so that pH by the side of an anode may become higher than 
pH by the side of a cathode, as pH adjustment liquid, alkaline solutions, such as a sodium-hydroxide water 
solution and a potassium-hydroxide water solution, are used, as mentioned later. After being mixed with pH 
adjustment liquid with the pH controller 204 and adjusting humidification water to predetermined pH, it is 
supplied to a humidifier 202. the hydrogen which reformed the methanol and the hydrocarbon separately in 
the humidifier 202, and was obtained — the hydrogen gas stored using rich fuel gas or a hydrogen storing 
metal alloy is supplied. If a humidifier 202 is made to pass fuel gas, the distributed gas with which the 
humidification water with which pH was adjusted into fuel gas was distributed in the shape of a fog will be 
generated. Distributed gas is supplied to the fuel gas feed hopper 35 by the side of an anode in this 
condition. 

[0024] By controlling pH of humidification water, pH of the distributed gas supplied to an anode side is 
controllable. This control is realized by the control unit 220. The control unit 220 is constituted as a 
microcomputer which equips the interior with CPU, RAM, and ROM. In order to enable pH control by the 
control unit, the pH meter 210 which detects pH of humidification water, the pH meter 206 which detects 
pH of the humidification water supplied to a humidifier 202, and the excretions 232 further discharged from 
the anode side of a fuel cell 1 0, for example, the pH meter which detects pH of generation water, are formed 
in the feed zone 200. The signal detected with each pH meter is inputted into a control unit 220. Based on 
this detection result, a control unit 220 controls the pH controller 204 according to the control processing 
mentioned later. All over drawing, the broken line showed the detecting signal and the control signal. 
[0025] The configuration which supplies oxidation gas and humidification water to a cathode side is the 
same as that of an anode side. That is, the pH controller 203 and the adjustment liquid tank 207 adjust pH of 
humidification water, the distributed gas from which humidification water was distributed in the shape of a 
fog in oxidation gas with the humidifier 201 is generated, and the oxidation gas supply opening 33 by the 
side of a cathode is supplied. pH is controlled by the cathode side to a low value so that distributed gas 
serves as acidity, as mentioned later. Therefore, unlike the anode side, the sulfuric acid was used as pH 
adjustment liquid. A control unit 220 also performs pH control by the side of a cathode. In order to enable 
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this control processing, the pH meter 205 which detects pH of the humidification water supplied to a 
humidifier 201 like an anode side and the excretions 231 discharged from the cathode side of a fuel cell 10, 
for example, the pH meter which detects pH of generation water, are formed also in the cathode side. 
[0026] B. The configuration of a fuel cell : drawing 3 is a perspective view showing the appearance of the 
fuel cell 10 of this example. A fuel cell 10 carries out the predetermined number laminating of the eel 100, 
and is formed as illustrated. The eel 1 00 is formed as a polymer electrolyte fuel cell, respectively, and each 
eel produces a IV a little more than electromotive voltage. The eel 100 is making the structure which 
inserted the oxygen pole 136, the electrolyte membrane 132, and the hydrogen pole 134 into this sequence 
with separators 1 10 and 120. The separators 110 and 120 of the adjoining eel 100 are shared by the fuel cell 
10, respectively. About the detail structure of a eel 100, it mentions later. 

[0027] The laminating of the fuel cell 10 is carried out to the order of an end plate 12, an electric insulating 
plate 16, a collecting electrode plate 18, two or more eels 100, a collecting electrode plate 20, an electric 
insulating plate 22, and an end plate 14, and it consists of ends. End plates 12 and 14 are formed with 
metals, such as steel, in order to secure rigidity, collecting electrode plates 1 8 and 20 — gas, such as 
substantia-compacta carbon and a copper plate, it is formed of a conductive member [****/ un-], and 
electric insulating plates 16 and 22 are formed of insulating members, such as rubber and resin. Output 
terminals 19 and 21 are formed in collecting electrode plates 18 and 20, respectively, and an output of the 
power produced with the fuel cell 1 0 is possible. 

[0028] The fuel gas feed hopper 35, the fuel gas exhaust port 36, the oxidation gas supply opening 33, the 
oxidation gas exhaust 34, the cooling water feed hopper 31, and the cooling water exhaust port 32 are 
formed in one end plate 14. The fuel gas supplied to the fuel cell 10 from the fuel gas feed hopper 35 is 
distributed to each eel 100, flowing toward an end plate 12. After the fuel gas distributed to each eel 100 
flows the passage in a eel 100 caudad from the upper part in drawing, it flows to an end-plate 14 side, and is 
discharged from the fuel gas exhaust port 36. After being supplied from the oxidation gas supply opening 
33, while oxidation gas also flows toward an end plate 12 similarly, after being distributed to each eel 100 
and flowing the passage in each eel 100, it is discharged from the oxidation gas exhaust 34. The gas 
passageway of each eel 100 is formed inside so that a fuel cell 10 can realize flow of such gas. 
[0029] The seal of the boundary region where the electrolyte membrane 132 which constitutes each eel 100 
of a fuel cell 10 touches separators 110 and 120 is carried out. Fuel gas and oxidation gas begin to leak from 
the eel 100 interior, and this seal plays the role which prevents that both mix. Although the fuel cell 10 
omitted illustration, where predetermined thrust is applied in the direction of a laminating, it is concluded 
and held with a bolt and a nut. In order to hold a laminating condition with thrust, it is not necessary to 
necessarily use a bolt and a nut for example, and is good also as a thing using a stack receipt case. In 
addition, although the case where the fuel cell 10 consisted of single stacks here was illustrated, it is good 
also as what is constituted from two or more stacks. 

[0030] Drawing 4 is the perspective view showing the structure of a eel 100. The eel 100 is constituted as a 
polymer electrolyte fuel cell. The eel 100 has the structure which put the electrolyte membrane 132 on the 
hydrogen pole 134 and the oxygen pole 136, and sandwiched the both sides with separators 1 10 and 120 
further. The oxygen pole 136 exists in the location which hid in the electrolyte membrane 132 on account of 
illustration. The hydrogen pole 134 and the oxygen pole 136 are gas diffusion electrodes. Two or more 
concave convex ribs are formed in the field where separators 110 and 120 counter with the hydrogen pole 
134 and the oxygen pole 136. When separators 110 and 120 put the hydrogen pole 134 and the oxygen pole 
136 from both sides further, the oxidation gas passageway 122 is formed between the fuel gas passage 112 
and the oxygen pole 136 between the hydrogen poles 134. The rib is formed in both sides, as for separators 
1 10 and 120, one side forms the fuel gas passage 112 between the hydrogen poles 134, and other sides form 
the oxidation gas passageway 122 between the oxygen poles 136 with which the adjoining eel 100 is 
equipped. Thus, separators 110 and 120 have played the role which separates the flow of fuel gas and 
oxidation gas between the adjoining eels while forming a gas passageway between gas diffusion electrodes. 
[0031] An electrolyte membrane 132 is the ion exchange membrane of proton conductivity formed by solid- 
state polymeric materials, for example, fluororesin, and shows good electrical conductivity according to a 
damp or wet condition. As an electrolyte membrane 132, the Nafion film (Du Pont make) etc. is applicable, 
for example. The platinum as a catalyst is applied to the front face of an electrolyte membrane 132. In this 
example, the organic solvent was made to distribute the carbon powder which supported the platinum as a 
catalyst, and after carrying out optimum dose addition and pasting an electrolytic solution (for example, 
Aldrich Chemical, Nafion Solution), the catalyst was applied by the approach of screen-stenciling on an 
electrolyte membrane 132. The formation approach of a catalyst bed is good also as what carries out film 
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shaping of the paste containing the carbon powder which could apply various approaches to others, for 
example, supported the above-mentioned catalyst, produces a sheet, and is pressed on an electrolyte 
membrane 132. Moreover, the alloy which consists of platinum and other metals can also be used for a 
catalyst. The hydrogen pole 134 and the oxygen pole 136 are formed of the carbon cross which wove the 
carbon fiber. It isi good also as what forms the hydrogen pole 1 34 and the oxygen pole 136 by the carbon 
paper which consists of a carbon fiber, or carbon felt. Moreover, since the above-mentioned catalyst should 
just intervene between a gas diffusion electrode and an electrolyte membrane 132, it is good also as what 
applies a catalyst to the side which replaces with the approach of applying a catalyst to an electrolyte 
membrane 132 side, and touches the electrolyte membrane 132 of the hydrogen pole 134 and the oxygen 
pole 136. 

[0032] Separators 110 and 120 are formed by the conductive gas non-penetrated member, for example, the 
substantia-compacta carbon which compressed carbon and it presupposed gas un-penetrating. Two or more 
ribs with which separators 110 and 120 have been arranged in parallel to the both sides are formed. It is not 
necessary to form a rib in parallel by both sides, and it can not necessarily form intersecting perpendicularly 
for every field etc. at an angle of versatility. Moreover, if a rib is the configuration which can form the 
passage of fuel gas and oxidation gas, it does not necessarily need to be an parallel groove. 
[0033] The cooling water holes 151 and 152 of a circular cross section are formed in separators 110 and 120 
at two places of the periphery. When these cooling water holes 151 and 152 carry out the laminating of the 
eel 100, they form the cooling water way which penetrates a fuel cell 10 in the direction of a laminating. The 
fuel gas holes 153 and 154 and the oxidation gas eyes 155 and 156 of a long and slender configuration 
which meet each side are formed near [ each ] the side of separators 110 and 1 120. When the fuel gas holes 
153 and 154 and the oxidation gas eyes 155 and 156 form a fuel cell 10 by carrying out the laminating of the 
eel 100, they form the fuel gas passage 1 12 and the oxidation gas passageway 122 which penetrate a fuel 
cell 10 in the direction of a laminating. In this example, fuel gas exhaust passage is formed along a fuel gas 
supply way and the downward side along the upper side of drawing 3 . Moreover, oxidation gas exhaust 
passage is formed along the side of an oxidation gas supply way and right-hand side along the left-hand side 
side. 

[0034] The fuel gas feed hopper 35 of a fuel cell 10 is connected with the fuel gas supply way, and the fuel 
gas exhaust port 36 is connected with fuel gas exhaust passage. The fuel gas supplied from the fuel gas feed 
hopper 35 flows into the fuel gas passage 1 12 of each eel 100 through a fuel gas supply way. And after a 
reaction predetermined on the hydrogen pole 134 is presented, it flows out of fuel gas exhaust passage into 
the fuel gas exhaust port 36. Oxidation gas also flows in the same path. The oxidation gas supply opening 33 
of a fuel cell 10 is connected with the oxidation gas supply way, and the oxidation gas exhaust 34 is 
connected with oxidation gas exhaust passage. The oxidation gas supplied from the oxidation gas supply 
opening 33 flows into the oxidation gas passageway 122 of each eel 100 through an oxidation gas supply 
way. And after a reaction predetermined on the oxygen pole 136 is presented, it flows out of oxidation gas 
exhaust passage into the oxidation gas exhaust 34. 

[0035] With the fuel cell 10, the cooling separator 140 is formed at a rate of one sheet every five eels 100. 
The cooling separator 140 is a separator for forming the cooling water way which cools a eel 100. The 
meandering cooling water slot 142 which connects a cooling water hole is formed in the cooling separator 
140. The cooling separator 140 and the field which counters are a flat field without a rib among separators 
1 10 and 120, and the slot established in the cooling separator 140 forms a cooling water way among 
separators 1 10 and 120. In addition, separators 110 and 120 and the cooling separator 140 can be formed 
with the various ingredients which have conductivity besides substantia-compacta carbon. For example, 
rigidity and heat-conducting characteristic may be thought as important and you may form with metals, such 
as a copper alloy and an aluminium alloy. Moreover, the rate of forming the cooling separator 140 can be set 
up in the range which was suitable for cooling according to conditions, such as calorific value of the eel 100 
according to the demand output of a fuel cell 10, temperature of cooling water, and a flow rate. 
[0036] In the above explanation, although illustration was omitted, fuel gas, oxidation gas, the passage that 
supplies cooling water, and the passage to discharge are established in the fuel cell 10, respectively. In this 
example, such passage is formed with the so-called stainless steel ingredient. 

[0037] C. pH control processing : in a feed zone 200, pH of the distributed gas supplied to an anode and 
each cathode is controllable by this example by controlling pH of humidification water as explained 
previously. Hereafter, the contents of pH control processing are explained. 

[0038] The desired value (target pH) of pH of the distributed gas to an anode and a cathode is set up based 
on the following three conditions. 
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1st condition: — 2nd condition [ of the electromotive voltage per each eel / of improvement ]: — 3rd 
condition [ of generating efficiency / of improvement ]: — prevention [0039] of an acid or caustic 
embrittlement Drawing 5 is the explanatory view showing the setting approach of the desired value of pH. 
pH of a cathode was taken along the axis of abscissa, pH of an anode was taken along the axis of ordinate, 
and it was showif. Here, an ideal condition shall be considered first and the axis of ordinate and the axis of 
abscissa shall show pH of the distributed gas in the time of a generation of electrical energy in a eel 100 
being presented, respectively. The theoretical value of the electromotive voltage of a eel 100 becomes large, 
so that it changes with the deflection of pH of an anode and a cathode and pH of an anode becomes higher 
than pH of a cathode, as drawing 1 and Nernst's equation (3), and (4) explained previously. This field turns 
into an upper left field, i.e., the field shown by the arrow head, from the slanting line in drawing 5 . If the 
target pH of an anode and the target pH of a cathode are set up so that it may belong to this field, the 
electromotive voltage per eel can be improved according to the value. 

[0040] The 2nd condition is realized by controlling consumption of the hydrogen ion generated by the anode 
side. The hydrogen ion generated by the anode side is contributed to a generation of electrical energy by 
moving an electrolyte membrane and resulting in a cathode side. If the reaction from a hydrogen ion to 
water arises with an anode, the part and a hydrogen ion will be exhausted vainly and generating efficiency 
will fall. In order to control this reaction, it is desirable to reduce the hydroxide ion (OH-) which exists in an 
anode. From this viewpoint, pH of an anode shall be set or less to seven by this example. 
[0041] The 3rd condition is fulfilled by setting up the threshold value of pH in consideration of the corrosion 
resistance of the ingredient which constitutes a fuel cell system. In this example, the lower limit of pH was 
set as 2 from the fuel cell 1 0 by considering corrosion resistance of fuel gas, oxidation gas, the passage that 
discharges cooling water, especially the passage which discharges the oxidation gas containing the 
generation water in a fuel cell 10 as consultation. 

[0042] The range which fulfills three conditions of having explained above serves as the field Aopt which 
attached hatching in drawing 5 . pH with which setting **** is satisfied of this electromotive voltage is 
expressed with the straight line shown in drawing 5 to Vtg in the desired value of the electromotive voltage 
per cel. Therefore, the target pH of an anode and a cathode can be set up by choosing the point on this 
straight line suitably in Field Aopt. For example, if the point P in drawing 5 is chosen, in the desired value 
by the side of an anode, the desired value by the side of pHa and a cathode will serve as pHc. 
[0043] Theoretically, the target pH of an anode and a cathode can be set up based on above-mentioned 
conditions. However, in fact, while passing a eel 100, with an anode, a generation of electrical energy is 
presented with a hydrogen ion, and since generation water arises, pH of distributed gas is changed with a 
cathode. Moreover, usually the electromotive voltage in a eel 1 00 becomes lower than a theoretical value by 
various loss. Even if it controls pH by the side of pHa and a cathode for pH by the side of an anode by these 
causes to pHc in drawing 5 , according to them, the electromotive voltage of Vtg cannot necessarily actually 
be realized. 

[0044] In this example, the target pH of an anode and a cathode was set up based on pH of an anode and the 
excretions of a cathode, i.e., off-gas and generation water, as a realistic approach in consideration of this 
effect. That is, pH of distributed gas is experimentally fluctuated to various values, and pH of the excretions 
of an anode and a cathode and the relation of an electromotive voltage are measured. Consequently, the 
excretions pH of the anode which can realize a target electromotive voltage, and a cathode were set up. At 
the time of actual operation, a target electromotive voltage is realizable by carrying out feedback control so 
that pH of excretions may serve as this desired value. About the 2nd condition and the 3rd condition, it set 
up so that pH of excretions might become 2 or more and 7 or less. 

[0045] Control of pH is performed by performing pH control manipulation routine which a control unit 220 
shows below. Drawing 6 is the flow chart of pH control manipulation routine. A control unit 220 performs 
this processing periodically during operation of a fuel cell system. If processing is started, CPU of a control 
unit 220 will input the target pH of an anode and a cathode (step S10). This target pH is an anode, the 
excretions discharged from a cathode, and the value set up mainly as a target pH of generation water as it 
was explained previously. In addition, this target pH may be set up as a value fixed about the anode and the 
cathode, and may be set up with the deflection of pH of an anode and a cathode. 

[0046] Next, pH of the distributed gas of an anode and a cathode is controlled by feedback control so that 
pH of the generation water actually discharged serves as above-mentioned desired value. For this reason, 
CPU detects pH of generation water first based on the detecting signal of the pH meter 23 1 ,232 shown in 
drawing 2 (step SI 2). And based on the desired value of pH, and the deflection of the detected generation 
water pH, the target pH of the humidification water (it is hereafter called a feedwater) supplied to a 
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humidifier 201 ,202 is set up (step SI 4). Desired value can be set up by the approach of setting up the 
predetermined gain beforehand set up by experiment etc. by taking advantaging of deflection, the method of 
memorizing the relation between deflection and desired value on the table, etc. 

[0047] Next, with a pH meter 205,206, pH of the feedwater actually supplied to the humidifier 201 ,202 is 
detected, and the "amount of pH adjustment liquid is set up based on deflection with Target pH. Under the 
present circumstances, since the humidification water currently stored in the humidification water tank 209 
may incline toward acidity or alkalinity, pH of humidification water will be measured with a pH meter 210, 
that result will also be taken into consideration, and the amount of pH adjustment liquid will be set up (steps 
SI 6 and SI 8). The case where the amount of pH adjustment liquid was set up into drawing 6 based on 
"desired value of Feedwater pH - (feedwater pH-humidification water pH)" as an example in consideration 
of pH of humidification water of an approach was illustrated. It is not limited to this mode. The amount of 
pH adjustment liquid can be set up by the approach using the gain set up beforehand, the approach using a 
table, etc. like step SI 4. CPU controls the amount of the humidification water supplied to the pH controller 
203,204, and pH adjustment liquid, respectively, and controls a feedwater at Target pH (step S20). 
[0048] Although here explained as what sets up gradually the desired value of a feedwater, and the amount 
of pH adjustment liquid, since an actual controlled variable is an amount of pH adjustment liquid, it can also 
take the mode which sets up the amount of pH adjustment liquid directly on an operation or a table based on 
the detection result of pH of generation water, pH of a feedwater, and pH of humidification water. In this 
example, the mode which detects a pH value and carries out pH control by three places, generation water, a 
feedwater, and humidification water, was illustrated. When controlling the amount of pH adjustment liquid 
to humidification water and controlling pH, since responsibility is comparatively low, responsibility and the 
precision of control can be improved by detecting pH by two or more places in this way. Of course, only pH 
of the generation water of a fuel cell 10 is detected, and it does not matter as what performs feedback based 
on this. In this case, a pH meter 206,210 can be deleted and simplification of a system can be attained. 
[0049] In this example, desired value was set up by pH of the generation water of a fuel cell 10, and the 
mode which carries out pH control was illustrated. According to the structure of a system, various setup is 
possible for the desired value of pH. For example, when the relation between pH of a feedwater and an 
electromotive voltage can be grasped by experiment etc., it is good also as what sets up desired value by pH 
of a feedwater and performs control based on this. When pH is detectable by one part of the eels 100, it is 
also possible to perform control based on this. 

[0050] According to the fuel cell system of this example explained above, improvement in an electromotive 
voltage can be aimed at by controlling pH of the distributed gas supplied to an anode and a cathode. 
Consequently, the number of eels demanded in order to obtain a target electromotive voltage can be 
reduced, and a system can be miniaturized. Moreover, since the hydroxide ion (OH-) is controlled by the 
range which does not exist superfluously, pH by the side of an anode can control that a hydrogen ion is 
consumed vainly, and can improve generating efficiency. Furthermore, since the lower limit of pH is set up 
in the range in consideration of the corrosion resistance over the acid of passage, it does not contract the life 
of a fuel cell system extremely. 

[0051] Moreover, since an anode and the humidification water used for humidification of a cathode are used 
for the fuel cell system of this example, it also has the advantage which can control pH of each pole 
comparatively easily. Generally, humidification of an electrolyte membrane is required, it can usually come 
out to have the device which supplies humidification water, and, for a certain reason, it can control pH by 
the polymer electrolyte fuel cell using this device. Therefore, on the occasion of pH control, there is an 
advantage which does not require the large-scale alteration of a fuel cell system. 
[0052] D. Modification : drawing 7 is the explanatory view showing the whole fuel cell system 
configuration as a modification. In the above-mentioned example, the mode which controls pH about the 
both sides of an anode and a cathode was illustrated. From a viewpoint which realizes a target electromotive 
voltage, the deflection of pH of an anode and a cathode is important as drawing 1 etc. already explained. 
Therefore, the device in which pH is adjusted is good also as what is prepared in an anode or a cathode. In 
the fuel cell system of a modification, the case where the device in which pH is adjusted only to an anode 
side was established from this viewpoint was illustrated. 

[0053] In the fuel cell system of a modification, in feed zone 200A, the anode side is equipped with the 
device for controlling pH, such as the pH controller 204 and a humidifier 202, as well as an example as 
illustrated. About a cathode side, oxidation gas is supplied directly. Since a cathode side is fully humidified 
with the generation water by the reaction at the time of a generation of electrical energy, it does not perform 
supply of humidification water, either. 
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[0054] By controlling the amount of pH adjustment liquid by the side of an anode, control unit 220A 
controls the deflection of pH of a cathode and an anode to desired value. In order to realize this control, pH 
of generation water, a feedwater, and humidification water is detected with a pH meter 232,206,210 like an 
example about an anode side. About a cathode side, only pH of generation water is detected with a pH meter 
231. 

[0055] The contents of control processing are the same as an example (refer to drawing 6 ). However, 
although the example explained as that to which the target pH of an anode and a cathode is set, respectively, 
the desired value of pH by the side of an anode is different with a modification at the point which applies the 
desired value of deflection to pH of the generation water by the side of the cathode detected with the pH 
meter 231, and is set as it. In this way, the point which controls the pH controller 204 to realize the set-up 
target pH, and controls the amount of pH adjustment liquid is the same as an example. 

[0056] Since it will end if the device which controls pH only to an anode according to the fuel cell system of 
a modification is established, there is an advantage which the structure of a system can simplify further. 
Generally, with a polymer electrolyte fuel cell, it originates in a hydrogen ion combining with a water 
molecule, turning into hydra NIUMU ion, and moving to a cathode side, and humidification by the side of 
an anode is made indispensable. In the modification, in order to prepare the device which controls pH only 
in an anode side, it can use also [ device / required for humidification of an electrolyte membrane ], and 
there is an advantage which can simplify a system further. In addition, also in a modification, it is also 
possible to take the configuration which deletes a pH meter 206,210. 

[0057] In addition, although pH by the side of a cathode cannot be controlled directly in the modification, 
when the corrosion resistance of passage is taken into consideration, it is desirable [ pH by the side of a 
cathode ] at the time of the usual operation not to make it change a lot. 

[0058] In the example and modification which were explained above, the mode which mixes humidification 
water in fuel gas and oxidation gas, and is supplied to a fuel cell 10 was illustrated. On the other hand, it is 
good also as what takes the mode which supplies humidification water apart from gas. pH of each pole is 
controllable by controlling the amount of pH adjustment liquid to humidification water also in this case. It is 
good by supplying pH adjustment liquid to a fuel cell 10 directly also as what performs pH control. It is 
good also as a thing using gases, such as ammonia in which alkalinity is shown, by a liquid's necessarily not 
performing pH control, for example, combining with humidification water on the anode pole. This invention 
can take the various modes which control pH of an anode and a cathode through the various charges of a 
feed material supplied to a fuel cell 10. As mentioned above, although the various examples of this 
invention were explained, it cannot be overemphasized that configurations various in the range which this 
invention is not limited to these examples and does not deviate from the meaning can be taken. 
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Abstract of JP2001 176530 
PROBLEM TO BE SOLVED: To improve 
electromotive voltage per cell of a fuel cell. 
SOLUTION: This solid high molecular fuel cell 
is provided with a mechanism for supplying 
humidifying water to an anode and a cathode 
with a fuel gas and an oxidation gas. The pH 
of both poles are controlled by properly mixing 
an alkali compound with respect to the anode 
and an acid compound with respect to the 
cathode into humidifying water. As the 
electromotive voltage of a cell is changed 
corresponding to the deviation of pH of both r 
poles, the electromotive voltage of each cell j 
can be improved by controlling the pH of the | 
anode higher than that of the cathode. j 
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SS^pHWftiJ®^, Bti:fl«Sft4*»*f» w ** 

[0 0 13]il£i^(3) (4) *S>9IS»*4 
*»9i»:*v»-c**S««>pHtti:a*S««>P 

-5. Hl*K*Lfcoii*<4^*>aifc*-C*0s SIS 

ic i±a/r <o»& icfes-r * p^t t #* t t wtw p 

[0 0 14] fTEpHUJiai^Sli, WT<7>3Efi 

*-(b, «iE**a«) P H* f r;v* 'J W*»=*fe» v, ttH 

"C, frEftiJ^^ff^^S-e^^^^^^^-^*^ 5 L 
p H liSSI w p H i H * i . - 

*Brtt»-f*> (0H-) 0«Jlflfc#<El-4J^fcft 
5, w0D*S*, TK^-CTK^'f*^ (H + ) t; 
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It, »«*H*1-&eiB«H=*Bfl:»^*5' (OH ) 
*«ffflEt4pHM«*t4. «-»"C\ 
4.U.!fcv>ea-e7K^SWpH?r, "fS (pH=7) i») 
fcT^* ■JffiD<7)9^^W®1"*tOi: L-Ct i^o *>*> 
*>h, pH* i 7flLToea'C-SljSli-4-i:* t i 9»t L 

[0015] s*:, ttiepHftW^&ii, s&»m*fe-> 

*4toti-4^tA { M4Lv> 0 

ju-ct* $ *. fc^** *is * f -r * o 

ft t, <7)fBe4- v>fc>*9> * -f > W^tf^-t^SfiS: Lfc^-g-U 
[0 0 16] *»««:£^T, pH«»fSli, 

Aussrssait^-ci, wiEtt*&««±> ttiattt&*m«o 

— o t LTltifem^l5K : Srl)Dil1-*l)Dil*.«r^'r*^- 

h-cfc&^-g-uii, frlSpH»iJSi#s»±, Klras* 

tLTtlv>L, ZfLfj^^tliSDU^t-r-S tot 

onTIi, pH^iSfeS^ffl^^l-^T^* 1 ;^^ 
TkKfk^- b 'J *BMb* 'J 9 A* if** 

[0017] ani5*wtRjj&ii®t5iSffi, *ftt«v>fft* 

-TJlc-ov^TfH tot L-Ctifc*^ K^ffi-Cli^ 
[0 0 18] p HftWf&li, vbt9>*IHii'-^ , W»l= 

ioTpHtwantotutivi', 7-f-KA 

is <fc in»IE***36»e»»Bl S *i*#«ft«> P H 



m u i •) 5 ft * &j£*oa * * »= t& c t «f tt * 

[0 0 19] fcfc, 

Sft, #ffl««>pHi: 
tK^S, p H fc l±*i* Lt-ScLfcv'o 

10 ft 1 U^*ft«4 4fC»ffi*«) P H t K^ffio 
pHfc^ttl&Ha**** *Oft*«:E«LfclB1t#S 
*Ji*U p HW»*a«±» *E«#«*#!aLTft» 
.♦rftOpHtWSEi-****^**^**- *2K!& 

-Sc-f * t (E5e L -C«I» L T t i v^ 0 
[0 0 2 0] *»WI±JSL±-CiiKLfc««-«}lfe5'^^A 

[0 0 2 1] 

A. ISSiv^f A<oiffiffi: 

B. flMWfeofllA : 

C. pHfflJfflijaa: 

D. : 

so [0 0 2 2] A. «fl.*it->*f Atf5£#fltft^H2l± 

§52 o o mnmmi oa, **** 

a*»«»"c*4. tt»»2 o oi±, *fl-*ia«>**s 

SS'fb**^ *tDil*t *»c«Jg-r*o ^JtWeiiBMb* 1 
-jo ^tLT^fflvtvi. 

[0 0 2 3] flmSB2 0 OOiffiOi 7 J — 

^A*^tfinS*^«*&-t"*«*^^ M ' > ' c i J i^' & o * D 
iS*iiinS7K^>^ 2 0 9C*AfeivCV»*. #J&SB2 
o o i±, ina*o p h * jwi-a P HPSffi^fi 

SJEi' > ^ 2 0 8 l-Sx.TV>4o ?£jiE1"&jI , K 7/- 
KfillcOp Hli* J- Vm<OpEi*) 4*i7^P 
pHiHS&t LTI1, TKK-fb^-b'^A 
*j§fS, *^b* ') * a*«?E^ t'or;v* 'Jl4?§iS^ 

, fflv^tt*. UD5l7Kl4pHPS?St pHP®S§f2 0 4t 

so a*sftafje»pHu**siifca, ima»2 o 2k« 
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i0ig#2 0 2 K«4, SI)*, *9J-»* Kft 

S*LTV»*o 1JDS82 0 2 ic&8-#.*fcas3-£* 
&jR.j!f * ti:pHi l ll»? ft fctraS*^!*^ * Lfc 

p«»«M-;*r***n 3 5 

[0 0 2 4] D0S7KWpH«rWr*-i» ci,:) > 7y 
- Kffl K $ *t* *« «> p H * WW -r * - fc 

ft*, h 2 2 014, rt«CCPU, RAM, 

v»* Q |»ai» hKJ:*pH«ilPtW«i:i-**:» 
K, ft*&«82 0 0KI4, inS*^pH«r^iiJl--5'pHtt- 
2 10, M»2 0 2C§M*S**»«*«>pH**lB 
-Tap Hit 2 0 6, JEC*ft*fflH o*r/-Ki*e> 

«iLix*ja*opH**a-r*pH 

fi-2 3 2OTWt6iiXV»*. # P Httt«ttiHifcfl* 
11, > 2 2 Oi:AJ?1*» .l<Atfcffl*§*K 

> 2 2 oi±, iftjti-*iifi«a»=ft 

oT, p HSISpif 2 0 4 **]»-*-*« H+-C«4, 
[0 0 2 5] * V- K«fcWK#* 

»jsi±, r^-K«kW«-e**. pHPIpSI2 

0 3 , m&fo?>? 2 0 7 Hi >5 2ra}I*^P HSrfS^U 

-c, fcniis*2 o i -cSfft^r^^^lraSTK^S^K^*!- 
&iE-r*a»), *v-k«-c»4, 

^14ifc££-7UpHfc&'' , <IKiW-f*o 
7y-Kllt*ft^ pHPSiSttr, *BE«:ffl^_ 
fco ^ v _ Kfl03 p Hii t> »y»-=-- * J* 2 2 0 #«T 

t 7y-F«tnt. trails? 2 o i u*»Sft*traa 

*OpHt«Bt4pHtt2 0 5, «W«*10«>*V 
- K«l*»^ttlS* l -**f 1 *' fliJ;LI4-£jS:*WpH£& 
ffii-* pHtf-2 3 1 aWBItfe^f'' 1 *- 
[0 0 2 6] B. : B 3 

man 0OWJlta*»tlHlB-C*4. «fl-*»l 0 

-tin ooii, *ii-rnnfl*»«WM«*fc 

*. *JU1 0 014, ■fc-KU-Jl 10,12 OfSfS 
13 6, 1ISS113 2, **ttl3 4*£WJW*K* 

A,*f«a*4LTv»4. ««-*ifci o-eii, 

l 2 014* it-Tit** £ 

[0 0 2 7] itWEttl 014, -%*b3-y b 
12, *fi*ftttl 6, **K1 8, WkO**! 0 0, * 
m«2 0, *§#«2 2, x>F^-H4««K» 
?ntSK?ftS.i>K/l'-H2 > 1414, 



jME«l 8, 2 o^****-*********** 
aft#*1t«WCJ:oT3B*8*i. «MS1 6 * 2 2 li 

*K 1 8 , 20 cit-tii-rnma** 19,21 #tt«t 

[0 0 2 8] -^x'/K^-H 4HJ4, 
&&Q3 5, 6, BKt«"^«ttP3 

10 3 , ■Mfc#**»n 3 4 , SfiP*«*&P 3 1 , 

HJP3 2OT»»tb*fCV»*. Ift^«ftP3 5*« 

2Ur&]^o-CSrtn'5rA J 'b«-t^l 0 Olcfl-gESit*. & 
-t;v l 0 0UE#2 «*> HtWl^tT 

4*K8tft, »RW»ttD3 6 Wk 
35T^*»PM»Ki. BMfc#:MM&n 3 3 

Kyp-> 1 2CH0*»o-C**L44«fe#*«'l 0 0 

20 *»mn3 4*^Sfffl**va. «^m*i 014, rwi 

[0 0 2 9] ifttiio^**! o o *tiJ£1-*® 
JBR&l 3 2I4, 1 1 0, I2 0i«t*l 

iawM'^-^sifCv**. i<ov-;n4, wioo 

i-y h«rfflv>a ! Z*l44<, Wil4^ ^ » 

ifflvitokituv. ii-ci4««*flii 

[ 0 0 3 0] 04 14 -t:JH 0 0«*it*^1-»«HT* 

t v»4. -t;H 0 0I4, 3 2 Sr*«l 3 

4 3 6T**a*, g?,K*«)ll«**'JV' 

-V 1 1 0 12 Ot-ft^^it^rf Ltv>4 0 
.o S*S13 6 l±, SJffSK 1 3 2 HPinfcffitt 

3 4, Wtmmi 3 6 14, ^ffife 
IfeiSo-b^l'-^ 10 - 12 014**813 

4, &fsin 3 6 t**w-r*TB^«»«>E>a«oy w 
«jftsn-cv»a. no, 120^, **® 

134 SESIffil 3 6i2h\~mmr l i>&.*-&trZ.klz 

**ffii 3 4 fc««c«»*r***i 1 2 ' * 

Xfil 3 6 tom-fflWXW®* 2 
^v-M10, 1 2 0ttPlEIC , J7#*BSifC* 
»9 , >t®!4**8 1 3 4 fc<0»-C«fi-# , *»» 1 1 2 *" 

so j&j&l, ttiHrtHfti-**^! oomiwai 3 
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-b/N'U-i' 110, 1 2 0I±, **7.1£«C®gtwH 
[0 0 3 1] 3 2ti, BHM5»**fft. 

•) , aa#&"r aw**** 5 **** 15 "*" 0 

m^SKl 3 2fcLTt±, «*.l«-7-f*>K 

m^g?§ffi A 1 d r i c 

h Chemical tt, N a f i o n Soluti 

on) immmtaLx^-xYKLtzt-e. msss&i 

3 2±lcX5"J->TO-f**&'Cft*^^ L ^» • 
fcflWHBL-O-bfcfBHU «H«13 2±uyv 

3 6 * »*«m ** e> 4 * * - * v ^ ~ ^ * fc 14 * ~ * v 

L-Cfinii iv^*, mffKBU 3 2«cW»*IMf1- 
**fcKft*.T, *«Sl34«iW»«136n« 
»SK1 3 2 fcg-r*HK. JB$££<£*Jl~*'k <75t ^ 

to o 3 2] -t/«v-* lio. 12 o«±, #^?Faa 

M10 , 12 0«±*<oM35K, WflzKMZMsWk 

[0 0 3 3] -t^V/-^ 110, 12 OKIi, -?"<0Sja 
2 *B>tK, R»»1B«>*«I*IL 151. 15 2*^ 
&$tiX^Zo :C*9*?L15 1, 15 2l±, -t*l 
0 0 Sr«IS 1 0 *»S*i6l^Sffl1" 

**attc****i-*. i 1 °> 1120W 

*?L1 5 3, 1 5 4J5i«<tMl5 5< 15 6** 
»*S*i-CV»*. *ft«-^?Ll 5 3, 15 44J*tfBMk 
#*?L15 5, 1 5 6l±, -b^l 0 0t««-f*-fc»= 

Bl 2 2 *»t*o H3<0±^2U 



[0 0 3 4] 1 0 3 5 life* 

jtr*tt»ttKo4*«o"Cis»K *&B*r*J&tHP 3 6 l±« 
^#^^mffiuo<t^cTv^o 3 5*> 

;vi o i 1 2K«*tatr. *tr, * 

fc#**»*»=-=»fc*'9-C*9. BHfc*r**ttiP3 4I± 
^•(t*^^ajKl-^ , 5:* I ^'^ , ' 5 - 5 « K<k*'^tt*&P3 3 

-t;H 0 0 <7)®-ffc**xSiK 1 2 2 fcifcix&tr. -f-LT, 

SX«1 3 6 -eBfjfe©Ki&»-« ■WW*** 
ss^<b^k**^^aiP3 4 ussm-rao 
[o o 3 5] *tt*fti o-eii, 5<Jfl**10 0rt 

1 4 2**»*8*fCV-4. ■fc/<V-* HO, HOW 

7*,^±p-t^v-^ 1 4 o k»m-r*««. yr©4v» 

77-^ftIt4oT£l), **p-fe^V-^ 1 4 Ofctt 
ItibftfcgUl-fe^l'-* 1 1 0, 1 2 ofcowe**P* 
S&*®fi£1-*. -b/<W-* 110.1 

#n*><\>-9 HOB, *«tt 

1 4 0tK»t4«*l*, 0OR*lB*C 
iSC.fc-kA'l 0 0 ^*P*OSK45 i Xfffi&tt 

i 4o 

[0 0 3 6] tl±.com^-C-J±, H7P*4f*tfc* , » 
«ttl 0tc«±, «Mk*^> #iP**tt*S1-4 

40 fi£$tLTV>4 0 

[0 0 3 7] C. pHfSUfflijas: ftURSLfcil^ * 
*»«-CI±, «*SSS2 OOC^'T, UDilTKO P H *M 

»gtt&«»3!f^OpH*«ll»t*wi:4 f -C**. «. 
[0 0 3 8] T^-K, *V-K^ft«««PH« 

so »2m*ft:ii^' 6 i- t 
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[0039] g!5tipHO@ S<a^K3E^fe^^>^^^ 

tasa-cfe^o *«iu*v-K©pH, saury - 

i^LZbVt U'«E*. -HvW-fe^l 0 0 

*-t^fc-r& 0 fcKBl** (3) 

(4) -CftWLfciHK -tiH OOOiglE^lM 
li. r;-Kt*v-KOpHOffili:J:otSlli'L, 
ry- Kfl)p Hri** V- KOp H J: *) <>«< ft*§> * 
£<ft*o ***«»±, B5*«>»JW*J: Q fc;£±<0 

tii:ii:ry-KOSapH, *v-'KOBipHt 
[0 0 4 0] Kt2 0*ftl±. 7^- K«"C4***lfc* 

*;Jt»fb»^*> (OHO «:fi*i-&^fc* f SI4t 
v^ 0 **Jfc«Wi* 7^-KOpHt 

[0 0 4 1] * 3 «*#»±^ 

[0 0 4 2] a±TR93Lfc3oO*fl 1 *:i(lfci"«B 

fimffi*:WJE+*pHI±BI5US-Mt»'C*** l *o 
^t, .«ttA o p t rtT% :oI«±©At:aM«t 
7;-K, *V-K^i*pH*r»5ci- 

7V- KttaSfldlttp H a. * V - KfflOiUHlli p 
H c t%2>o 

[0 0 4 3 ] SBfrWKIi* 7V-K, *V-KWBIp 

-e;v i o o-ecojgffiEJia^^a^^i 0 3S&«* *5 t> 
fi< 4&0**a#-C**o CitfeOKHU i »9> fix. 
Us B5U4JV»TTy- K«OpH*pH a, *V-K 
BOpHfcpHcKWfllL-C*, Sii:V t g60^m£ 



[0 0 4 4] a***#**#«Lfc£* 

7« tt(t*«P Hi:^t7> - K, *V-K«> 
BIpHtRgLfco EP*>. JBWCW^OpHt 

«*ottuse»s-g\ ry-K> *v-K«»tt*op 
set^o *i»oae*ui±, ftiaftopH^^sM 

[0 0 4 5] pH^WUPI^ i»A-7> 2 2 0i f *i: 
^ i" p H wftuaa^ - ^ > * *1rf * - fc 11 * ° Tfi: te 

*l* 0 -b6«±p Hfflm$kmfr- j ?-><n'7 
*»««»uio»a*«fi"*. *a* f B*fc**»-*i:, 

i»a^^h 2 2 0^)CPUIi7y-K, *7-K«0i 

mpH*\Z>-tz> Ut^sio) o :^)ISpH 

*i&SNH«U itLTiS;*^iSpHi:L-CiSS$n 
fc1»T*^»o ft*. £*>B«pHH\ 7V-h\ *v- 
KKov>TB5&*ii*:fcfc LTWaSiirvi-ct J:v* 
7^- Kk*V- KWpHOB«"CK«S*trv»r 

[0 0 4 6] *(Blc»aS*L4^flt*OpH^± 
»«>HMIfc ft* J: ? 4 - K/<y ^JS^^ T J 

CPUli, if, H2»:SUpHtt2 3 1, 2 3 
30 2 0«ffl«#U3|-^S*tf;*OpH*:ttm-r-* (*-r* 
ys 1 2) o ^LT, pHOlWIfctftffiSitfc*** 
pH^i:SoVt, 0 1, 2 0 2 fcftteS 

*l*Jd»* (JftT, tt«*kn?-K) co@^pH^rS:^1- 
T Kje £ *ifciJrJfe«>*** v *flm^» C * - k 

[0 0 4 7]^:, P Hft2 0 5, 2 0 6 Ct^MI 
UJD»*2 0 1, 2 0 2i:ft«5iitv^ft**^)pH 
40 ^HiL, |« p H t ^ag»:«^^t p Hifi«Oi 
£i££-r*o :©B, WI*»? 2 0 9i:f£&iiT 

fe**^5>> pHft2 1 0 -CSDS*<3 P H fctfSJ U * 
^4fllt p HB«EiSO*«:»5Ei-* - tUft* 

(Xr7yS 16, S 1 8) o H6*Uli, tm*<Op 
Httft**ttO-«kLT r«ft*pHOl»f- 

(«*&7KpH-iQil7KpH) J i:ioVr P Higi5o 

. <7)T-lift^ 0 pHP^fS^Mti, ^f^S 1 4 km 
50 ^a&KJtSftfc^-f >^fflv>*^ffi^T-y;v^ffl 
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(±, PHHI5S2 0 3, 2 0 4 U{**S£*L4SDiS7fc* P 

tWfJ (*-f 7 7S 2 0) o 
[0 0 4 8] ZZ-e\±, &&**>I^fit, pHP6fflW> 

TK^pH, UnS*WpHO^iiJS*U*o'v>T, pHP 

lDS7Kw3*^r-CpHH^^a3LrpHS«ffll-r* 

pH*W»t*i*tt, JfcttttlSSItjMSv**:*, CIO 
i t UttftttBf T p H Sr&ffi-f * £ 1 1- * *) > tB*ttfi 

JH-mr&l 0<0&j£tK<t?p H«*i;^LT, ztnz&-3 

pHlt-2 0 6, 2 1 0tB»t*iJ:* r P*' "> 
* -r A W fig B&-fh £ H * - t i * c 
[0 0 4 9] **}Sfl!|-C<±* 1 0 0>*fe**«5 P 20 

v> 0 -t;H 0 0 WVi-fftJ^tOffiflfc-Cp HSr&HJTTtfi** 
[0 0 5 0] «.±-C^L^*^ife0!|W^^->^x 
Op HfcftU#9-f *K jgWE<0|6]±*ia* £ i 30 

t^f lie tv- vrnvpHu. frmityo 

(OH-) **a*gfc:&<EL4v»lEBK«l*ll3*t* 
ri"b> fc'^WU « 

[0 0 5 1 ] ttz, T 40 

«>, it«6«J§^U#ffiOpHt«lffll-r*it**'^§*^J 

ommw&ST * 0 . tniS***!*-*"********- fcrt- 
THSOaWUfrcaafca, roa«*fiJfflL-cpH«r 

«HJ»1-4wt*»-C#*. ftoT, pHUlKBU ««■ 
[0 0 5 2] D. ftJ&$! : 0 7ligE^t LtWlfH- 
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pH«0{iM* J S^-C*.6o Set, pH*P61-*«* 

7V- K*KO*pHtil»i-*«ll*IHtfc 

[0 0 5 3] fc^««5«»W?feV*?-A-Cli* H/F-f* 
jl9f£&gB2 0 0 AK±JV>T, 7->-K«l=l*, 
t|Wl», pHgfgifS2 0 4. t0iSi§2 0 2 £t\ p H £ 
e»*iTV»*. *V-K«KO 

[0 0 5 4] l- 2 2 0 AliT^-KWOpH 

TV- KfflKov>T, HMflfliR^ 
*. iJDffl*«pH*pHW-2 3 2, 2 0 6, 2 

P Htf)*£pHIt2 3 lttffltJ. 
[0 0 5 5] flJSPJ&SWflg^ ^Jfe^iJtlSIC-C** 
(B6*ffl) = tit, *^JT*I±, TS-V* *V-K 

7t* f . gi^J'C-li, 7y-KWpHOSll#, pH 
ft 2 3 1 T-^tii 5 tlf- * V - KfflO^fi&TK^ p H tcffiM 

^$^L/c§SpHt^i--5i ; )^pHPISI?2 0 4 Sr 

[0 0 5 6] ftJBWWjJSft**^^^^^** 1 '^ 7y 
- KK©*pH*W»+**»*IS»t*U*»trfcJ<>, v 

jgwrfc^-c't, pHH-2 0 6, 2 1 0 *i?J|s£1-*SJa; 

[0 0 5 7] R»ffii-Cli. *V - KfiWpHt* 

a#©«|^C*V-K««>pHI±*S<fcftS* 

[0 0 5 8] W±r-Si^L./c*^0!lfcJ:y f ft^J-CI±> 
gffk^^t-DDSTK^SAL-c^Sitei 0 ic 
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el***-*- * w t \z x o r p nmm fcff ? t o t tr 

t i p H W« L 4 jfi^-C-ft o JZ-II 4 4 < > « 
x if r y - Kffi-cunS* t tt*-r 4 - 1 k i *) r * 

v>„ ^wi±«*^m?fei o»=«»s 

fctf-LTTV-K, *V-KOpH*W»i"*«f «>SI 
OUTBID L*:**, ^SSBlliirfcO^iifllfcRRfeSfi 

[mi] pHMtTK^^io^^si^^mficwste 

[II 3] *#ttt«0«»Wfc 1 0O*».«<r*fei-|t«H 

[i4] -tin o oo«a**-r««Bi^**o 

[0 5] pHOg^Soffe^&K^^^I&'BEl"? 
[16) pHtMMM*-' ^D-flr- h-e* 

1 0 

12.1 4 — «x> K/U-i 
1 6 --ttflMK 

[Hil] 
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1 8 

1 9 

2 0—ft?£S 

2 2-«e«« 

3 1 

3 2-*aj**UP 
3 3 

3 4-lft«»«P 
3 5 
10 3 6 
1 0 

i i o—-t^i"-* 
1 1 2 

1 2 2-BMfc#*»» 
1 3 2 -WKMR 
1 3 4 — *3Rffi 
1 3 6 

14 0 

1 4 2 
20 15 1- 

15 3- 
15 5- 

2 0 0, 
2 0 1, 
2 0 3, 
2 0 5, 
2 0 7, 
2 0 9- 
2 2 0, 



2 0 0 A— «*B 
2 0 2 —iDffiS 
2 0 4 — p HWI5S 
206, 210, 231, 
2 0 8— PSEflS* 

2 2 0 A—W1B-3-— * ^ 



2 3 2-pHtt 
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